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1
PRESSURE REGULATING VALVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2016-075392 filed on Apr. 4, 2016, the entire contents of
which are incorporated herein by reference.

BACKGROUND

Technical Field

The present invention relates to a pressure regulating
valve for regulating the pressure of a fluid and more par-
ticularly to a pressure regulating valve for regulating the
pressure of for example high-pressure fuel gas to a desired
pressure by pressure reduction.

Related Art

As one of pressure regulating valves for regulating the
pressure of a fluid, Japanese Unexamined Patent Application
Publication (Translation of PCT Application Publication)
No. 2010-533268 (*JP2010-533268 A”) discloses a high-
pressure regulator configured to bring a piston seat to be
moved together with a piston into contact with or away from
a seat ring 1n order to regulate the pressure of a fluid.

SUMMARY

Technical Problems

In the high-pressure regulator disclosed 1 JP2010-
533268 A, durning sliding within an inner bore of a body, the
piston may slide while inclining for example by coaxial
misalignment of the piston relative to the inner bore (1.e.,
deviation between their central axes). Further, if the axis of
an 1nlet pressure chamber formed inside the seat ring and the
axis of the piston are misaligned, coaxial misalignment
between the seat ring and the piston seat may also be caused.
This may result in deterioration in sealing strength between
the seat ring and the piston seat. Durning valve closing, in
which the seat ring 1s 1n contact with the piston seat, when
the 1inclination of the piston 1s to be forcibly reduced for
centering (aligning) between the seat ring and the piston
seat, 1t 1S necessary to increase the pressure in an outlet
pressure chamber. Thus, a pressure value (a pressure regu-
lation value) 1n the outlet pressure chamber during valve
closing may rise.

The present invention has been made to solve the above
problems and has a purpose to provide a pressure regulating
valve capable of preventing a rise 1 pressure regulation
value.

Means of Solving the Problems

To achieve the above purpose, one aspect of the invention
provides a pressure regulating valve comprising: a pressure
regulating chamber; a piston movable 1n an axial direction in
response to pressure in the pressure regulating chamber; a
valve element to be moved together with the piston; and a
seat with which the valve element 1s contactable, wherein
the piston includes a piston hollow portion 1n an end on a
side closer to the seat, the piston hollow portion opening on
the side closer to the seat, the valve element comprises: a tip
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2

portion contactable with the seat; a colummnar portion
inserted i the piston hollow portion; and a fit portion
protruding radially outward from an outer peripheral surface
of the colummar portion, the fit portion being fitted 1n an
inner peripheral surface of the piston hollow portion, and the
fit portion has a spherical shape.

According to the aforementioned aspect, the valve ele-
ment can incline relative to the piston while the {it portion
of the columnar part of the valve element remains fit 1n the
piston hollow portion. Therefore, even when the piston
inclines or tilts or the seat and the valve element are out of
coaxial alignment, the valve element has only to be simply
brought 1n contact with the seat, so that centering of the
valve element with the seat and fixing of the valve element
to the piston can be achieved. Theretfore, there 1s no need to
subsequently apply the force to forcibly reduce the inclina-
tion of the piston for centering between the seat and the
valve element during valve closing. This can suppress a rise
in pressure regulation value.

According to the pressure regulating valve configured as
above, 1t 1s possible to suppress a rise 1n pressure regulation
value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a pressure regulating
valve 1n an embodiment;

FIG. 2 1s a side view of a valve element;

FIG. 3 15 a cross-sectional view of the valve element and
a recessed portion of a piston, showing that the valve
clement 1s not press-fitted yet 1n the recessed portion of the
piston;

FIG. 4 1s a cross-sectional view of the seat, the valve
clement, and the recessed portion of the piston, showing that
the valve element 1s 1n the course of being press-fitted 1n the
recessed portion of the piston; and

FIG. 5 1s a cross-sectional view of the seat, the valve
clement, and the recessed portion of the piston, showing that
the valve element has been completely press-fitted in the
recessed portion of the piston.

(L]

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

A detailed description of a preferred embodiment of a
pressure regulating valve embodying the present invention
will now be given referring to FIGS. 1 to 5. In this
embodiment, the mnvention 1s applied to a pressure reducing
valve for reducing the pressure of high-pressure fuel gas to
be supplied to a supply destination. In the following descrip-
tion, the terms ‘“‘upstream side” and “downstream side”
respectively indicate an upstream side or position and a
downstream side or position 1n a flowing direction of fuel
gas Q.

A pressure regulating valve 1 1s a pressure reducing valve
for regulating the pressure of fuel gas G to a desired pressure
by reducing the pressure of the fuel gas G. The fuel gas G
in the present embodiment 1s for example hydrogen gas to be
supplied to a vehicle fuel cell or battery (not illustrated). An
upstream-side end of the pressure regulating valve 1 will be
connected to a main stop valve (not shown) for allowing or
stopping supply of the fuel gas G stored 1n a fuel tank (not
shown). A downstream-side end of the pressure regulating
valve 1 will be connected to an injector(s) (not shown) for
supplying the fuel gas G to a fuel cell or battery.

As shown i FIG. 1, the pressure regulating valve 1
includes a housing 10, a seat (a valve seat) 12, a valve
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clement 14, a piston 15, a spring 16, and others. The housing
10 1s mainly constituted of an inlet block member 11, a body
member 13, and an outlet block member 17. The body
member 13 1s internally formed with a first pressure regu-
lating chamber 21. Further, a second pressure regulating
chamber 22 1s defined by the body member 13, the piston 15,
and the outlet block member 17. FIG. 1 shows the pressure
regulating valve 1 during valve closing 1n which the valve
clement 14 1s 1n contact with the seat 12.

The inlet block member 11 is provided with an inlet 31,
an 1nlet passage 32, and others. The 1nlet 31 1s an intlow port
through which the fuel gas G flows into the pressure
regulating valve 1. The inlet passage 32 1s a passageway
communicated with the imlet 31 and a seat hole (a through
hole) 33 of the seat 12. In the inlet passage 32, a filter 34 1s
placed to allow passage of the fuel gas G while removing
foreign substances contained in the fuel gas G. Further, a
bush 35 1s placed between the filter 34 and the seat 12.

The seat 12 1s made of resin and sandwiched, pressed by
a predetermined amount, between the inlet block member 11
and the body member 13. The seat 12 has a nearly circular
ring shape. This seat 12 1s provided with the seat hole 33
communicated with the inlet passage 32 and the {first pres-
sure regulating chamber 21.

The body member 13 1s a casing of the pressure regulating,
valve 1 and internally house the valve element 14, the piston
15, the spring 16, and a part of the outlet block member 17.

The valve element 14 1s placed in the first pressure
regulating chamber 21 located downstream of the seat 12.
The valve element 14 1s moved together with the piston 135
within the first pressure regulating chamber 21 to come 1nto
contact with or separate from the seat 12, thereby blocking
or permitting a flow of fuel gas G. Specifically, the valve
clement 14 serves to open and close a flow channel com-
municated with the seat hole 33 of the seat 12 and the first
pressure regulating chamber 21. This valve element 14 1s
made of metal.

As shown 1n FIG. 2, the valve element 14 includes, in
order from a side closer to the seat 12 (1.e., from an upper
side 1n FIG. 2), a sealing part 51 contactable with the seat 12,
and a retaining part 52 (a columnar part) accommodated and
retained 1n a cup-shaped recessed portion 43 of the piston
15. The retaining part 52 1s located on a side, or position,
closer to the piston 15 than the sealing part 51 1s.

The sealing part 51 1s provided with a tip portion 61, a
cylindrical portion 62, a large-diameter portion 63, and
others, which are arranged in order from a closer side to the
seat 12.

The tip portion 61 1s a part that can contact with (seat on)
the seat 12 and has a spherical shape, concretely, a hemi-
spherical or spherical dome-like shape. Thus, the tip portion
61 of the valve element 14 can be reliably brought into
intimate, line contact with the entire circumferential of the
seat hole 33 of the seat 12. This tip portion 61 1s contactable
with the seat 12 to close the seat hole 33 during valve
closing. The cylindrical portion 62 has a circular solid
cylindrical shape continuous with the tip portion 61 and the
large-diameter portion 63. The large-diameter portion 63 has
an outer diameter larger than an outer diameter of each of the
tip portion 61 and the cylindrical portion 62. The large-
diameter portion 63 1s provided with an end face 64 located
on a side close to the piston 15 (1.e., on a side continuous
with the retaining part 52).

The retaiming part 532 has a nearly columnar shape. This
retaining part 52 has an outer diameter smaller than an outer
diameter of the end face 64 of the large-diameter portion 63
of the sealing part 51. The retaining part 52 1s provided with
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4

a press-fit portion 65 (a fit portion). This press-fit portion 65
protrudes radially outward from an outer peripheral surface
52a of the retaining part 52. Specifically, the outer diameter
d2 of the press-fit portion 65 1s larger than the outer diameter
of a remaining portion of the outer peripheral surface 52a of
the retamning part 52 other than the press-fit portion 65.
Further, the outer diameter d2 of the press-fit portion 65 is
designed to be larger than the inner diameter d1 (see FIG. 3)
of the recessed portion 43 of the piston 15 which will be
described later. Accordingly, the press-fit portion 65 1is
press-litted (fitted) 1n an 1nner peripheral surface 436 of the
recessed portion 43 of the piston 15 (see FIG. 5). The
press-1it portion 65 1s formed on the retraining part 52 in the
entire circumierential direction thereof.

In the present embodiment, the press-fit portion 65 of the
valve element 14 has a spherical shape, concretely, a spheri-
cal segment shape, designed with a diameter equal to the
outer diameter d2. Specifically, the outer peripheral surface
of the press-fit portion 635 1s a spherical zone or curved
surface. As shown 1 FIG. 2, the press-fit portion 63 1s
located at a position above the center of the retaining part 52
in an axial direction (an up and down direction in FIG. 2.)
of the valve element 14, that 1s, at a nearly central position
of the whole valve element 14 in the axial direction.

The retaining part 52 has a contact end portion 66 which
1s an end to be inserted in the piston 15. This contact end
portion 66 will contact with a bottom surface 43a of the
piston 15 durning valve closing (see FIG. 35). In the present
embodiment, furthermore, the contact end portion 66 has a
spherical shape, concretely, a partial spherical shape, which
1s a portion of a sphere having a diameter D as indicated 1n
FIG. 2. That 1s, the outer surface of the contact end portion
66 1s a partial spherical or rounded surface. Instead of the
contact end portion 66 of the valve element 14 formed into
the alforementioned spherical shape, the bottom surface 43a
of the recessed portion 43 of the piston 15 may be formed
into a spherical shape (a rounded surface protruding toward
the opening 43¢). The diameter D 1s set larger than the outer
diameter d2.

The piston 15 1s movable within the housing 10 1n an axial
direction (1n an up and down direction in FIG. 1) in response
to the pressure 1n the second pressure regulating chamber 22.
As shown 1n FIG. 1, the piston 135 1s provided with a body
portion 36, a shaft portion 37, a passage 38, the recessed
portion 43, and others. The body portion 36 has a cylindrical
shape and 1s located at a position downstream of the shaft
portion 37. The body portion 36 1s provided, on a side closer
to a spring 16, with a spring seat 39 (a contact portion with
the spring 16) on which one end of the spring 16 abuts. On
the outer peripheral surface of the body portion 36, a
packing 41 which 1s a sealing member 1s placed.

The shaft portion 37 has a cylindrical shape and 1s placed
upstream of the body portion 36. The shaft portion 37 1s
provided with inflow ports 42 providing communication
between the passage 38 and the first pressure regulating
chamber 21. The passage 38 1s formed extending in an axial
direction of the piston 15.

The shaft portion 37 1s provided, 1n an end on the
upstream side (that 1s, on a side closer to the seat 12), with
the recessed portion 43 (a piston hollow portion) formed in
a recessed shape (a U-shaped cross-section or a cup-like
shape) opening on the side closer to the seat 12, 1.e., on a
surface facing the seat 12, by drilling or another technique.
In this recessed portion 43, a part of the valve element 14 1s
inserted. In the present embodiment, as shown 1 FIGS. 3 to
5, the recessed portion 43 includes an end portion 43¢
formed with an opening 43¢ that opens on the side closer to
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the seat 12 and further, in the end portion 43¢, a tapered
portion 434 having an mner diameter decreasing from the
opening 43¢ toward the 1nside of the recessed portion 43,
1.e., toward the bottom surface 43a. Further, the recessed
portion 43 includes the mner peripheral surface 435 having
an inner diameter d1 1n a section closer to the bottom surface
43a than the tapered portion 43d 1s.

As shown 1n FIG. 1, on the outer peripheral surface of the
shaft portion 37, there are mounted a packing 44 (a seal
member) and a wear ring 45 (a bearing). The piston 15 1s
made of metal.

The spring 16 1s placed between the body member 13 and
the piston 15. This spring 16 urges the piston 15 mn a
direction toward the outlet block member 17, that 1s, 1n a
valve opening direction of the valve element 14.

The outlet block member 17 1s provided with a passage 71
connected to an outtlow port (not shown) through which the
tuel gas G flows out of the pressure regulating valve 1.

The first pressure regulating chamber 21 1s provided 1n the
housing 10, at a position downstream of the seat 12. When
the valve element 14 separates from the seat 12, the first
pressure regulating chamber 21 comes into communication
with the inlet 31 of the inlet block member 11. The second
pressure regulating chamber 22 1s provided at a position
downstream of the piston 15. This second pressure regulat-
ing chamber 22 1s defined, in the housing 10, by the body
member 13, the piston 15, and the outlet block member 17.
In those first pressure regulating chamber 21 and second
pressure regulating chamber 22, the pressure of the fuel gas
G 1s regulated.

Operations (a method of operation) of the pressure regu-
lating valve 1 1n the present embodiment will be described
below. For instance, when the fuel gas G starts to be supplied
to a vehicle fuel cell and flows out 1 a direction indicated
by an arrow in FIG. 1 through the passage 71, the pressure
of the fuel gas G stored in the second pressure regulating
chamber 22 decreases. Accordingly, the piston 15 1s moved
toward the outlet block member 17 by the urging force of the
spring 16.

As the valve element 14 separates from the seat 12,
high-pressure fuel gas G supplied from a fuel tank 1s allowed
to flow through the 1nlet 31, the 1nlet passage 32, and the seat
hole 33 of the seat 12, and then into the first pressure
regulating chamber 21. Furthermore, the fuel gas G having
flowed 1n the first pressure regulating chamber 21 further
flows through the mflow ports 42 of the piston 15 and the
passage 38 and into the second pressure regulating chamber
22.

Accordingly, the pressure of the fuel gas G 1n the second
pressure regulating chamber 22 rnises. When the {force
applied on the piston 15 by the pressure of the fuel gas G
becomes larger than the urging force of the spring 16, the
piston 15 1s moved toward the seat 12 against the urging
force of the spring 16. In association with this movement of
the piston 15, the valve element 14 1s caused to contact with
the seat 12, thereby stopping inflow of the fuel gas G into the
first pressure regulating chamber 21 and the second pressure
regulating chamber 22. In this manner, the pressure of the
tuel gas G 1n each of the first pressure regulating chamber 21
and the second pressure regulating chamber 22 1s maintained
at a predetermined value. To be specific, the pressure in the
first pressure regulating chamber 21 and the second pressure
regulating chamber 22 1s regulated so that the force obtained
by multiplying the area (the sectional area) of a diameter of
the second pressure regulating chamber 22 sealed by the
packing 41 by the pressure 1n the second pressure regulating,
chamber 22 1s equal to the urging force of the spring 16.
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Herein, the piston 15 i1s slid while being held 1n contact
with a wall surface 13a of the body member 13 through the
wear ring 45. At that time, for example, if the piston 15 1s
in coaxial misalignment (deviation of central axis) with the
cylindrical wall surface 13a defining the first pressure regu-
lating chamber 21 1n which the piston 15 slides or the wear
ring 45 has a thickness that i1s diflerent or non-uniform from
portion to portion, the piston 15 may slide in a tilted or
inclined posture. Further, 1f the inlet block member 11 and
the seat hole 33 of the seat 12 held in the 1nlet block member
11 are out of coaxial alignment, this may cause coaxial
misalignment between the valve element 14 held by the
piston 15 and the seat 12. When the above-mentioned tilt or
inclination of the piston 15 and coaxial misalignment occur
between the seat 12 and the valve element 14, a part of the
valve element 14 may not come into tight contact with the
seat 12 during valve closing in which the valve element 14
needs to contact the seat 12. This results in deteriorated
sealing strength between the seat 12 and the valve element
14. During such valve closing, when the force to forcibly
reduce the inclination of the piston 13 1s to be applied to the
piston 15 1 order to make centering (aligning) between the
seat 12 and the valve element 14, it 1s necessary to increase
the pressure of fuel gas G 1n the second pressure regulating
chamber 22. Therelfore, a pressure value of the fuel gas G
(hereinafter, referred to as a “pressure regulation value™) 1n
the second pressure regulating chamber 22 during valve
closing may become higher.

In the present embodiment, therefore, assembling of the
valve element 14 in the recessed portion 43 of the piston 135
will be performed in performance measurement (e.g., 1n a
gas-tightness test of the pressure regulating valve 1) during
manufacturing of the pressure regulating valve 1. In this
manufacturing, centering between the seat 12 and the valve
clement 14 and fixing of the valve element 14 to the piston
15 are completed 1n advance.

To be specific, at the time of performance measurement 1n
the manufacturing process of the pressure regulating valve 1,
firstly, the valve element 14 is put 1n the recessed portion 43
of the piston 15 as shown 1n FIG. 3. The fuel gas G 1s then
supplied to flow 1n the second pressure regulating chamber
22 through the inlet 31 to increase the pressure 1n the second
pressure regulating chamber 22, thereby moving the piston
15 toward the seat 12 so that the tip portion 61 of the valve
element 14 contacts with the seat 12. Thus, the wvalve
clement 14 1s pushed by the seat 12 into the recessed portion
43 of the piston 15. Finally, the valve element 14 1s fixed to
the piston 15 while the press-fit portion 63 1s press-fitted in
the mner peripheral surface 435 of the recessed portion 43.

In the present embodiment, herein, the press-fit portion 65
of the valve element 14 has the spherical shape as shown 1n
FIG. 2. Accordingly, while the press-fit portion 65 remains
press-fitted 1n the inner peripheral surface 436 of the
recessed portion 43 of the piston 15, the valve element 14
can be mclined with respect to the piston 15 about a contact
portion, as a support point, of the press-fit portion 65 with
the inner peripheral surface 435 of the recessed portion 43.
Therefore, even 1n the case that the inclination of the piston
15 and the coaxial misalignment between the seat 12 and the
valve element 14 have occurred, when the piston 15 1s
moved 1n the direction toward the seat 12 to bring the tip
portion 61 of the valve element 14 into contact with the seat
12, the valve element 14 can be inclined with respect to the
piston 15. Thus, the valve element 14 can be naturally
press-litted 1n the recessed portion 43 of the piston 15 while
accommodating by 1tself the coaxial misalignment with the
seat 12 and performing centering with the seat 12.
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In the present embodiment, furthermore, the contact end
portion 66 of the valve element 14 has the spherical shape
as shown in FIG. 2. Accordingly, even when the contact end
portion 66 contacts with the bottom surface 43a of the
recessed portion 43 1n the course of press-fitting the valve
clement 14 in the recessed portion 43 of the piston 15, the
valve element 14 can be inclined with respect to the piston
15 about the support point defined by the contact portion of
the contact end portion 66 with the bottom surface 43a of the
recessed portion 43. Further, when the contact end portion
66 comes 1n contact with the bottom surface 43a of the
recessed portion 43, the valve element 14 1s no longer
pushed toward the piston 15. The valve element 14 1s
inclined with respect to the piston 15 at the time when the
tip portion 61 of the valve element 14 contacts with the seat
12, so that the valve element 14 1s naturally press-fitted 1n
the recessed portion 43 of the piston 15 while making
centering with the seat 12. Thus, the valve element 14 is
fixed to the piston 15.

In the present embodiment, at the time of manufacturing
the pressure regulating valve 1, the seat 12 and the valve
clement 14 can be aligned for centering 1n advance and, 1n
addition, the valve element 14 can be press-fitted and fixed
in the recessed portion 43 of the piston 15 in advance. In
other words, during manufacturing of the pressure regulat-
ing valve 1, the pressure 1n the second pressure regulating
chamber 22 is raised to achieve easy completion of centering
between the seat 12 and the valve element 14 and fixing of
the valve element 14 to the piston 15. Therefore, when the
pressure regulating valve 1 1s to be used thereatter (1.e., after
manufacturing of the pressure regulating valve 1), it 1s not
necessary to apply the force to forcibly reduce the inclina-
tion of the piston 15 for centering between the seat 12 and
the valve element 14 to the piston 15 during valve closing.
Thus, the pressure of the fuel gas G 1n the second pressure
regulating chamber 22 does not need to be increased.
Consequently, the pressure regulating valve 1 1n the present
embodiment can suppress a rise in pressure adjustment
value.

It 1s preferable that the valve element 14 1s press-fitted and
fixed 1n the recessed portion 43 of the piston 15 with a gap
or clearance between a portion of the outer peripheral
surface 52a of the retaining part 52 of the valve element 14
excluding the press-fit portion 65 and the mnner peripheral
surface 435 of the recessed portion 43 of the piston 15 and
between the end face 64 of the sealing part 51 of the valve
clement 14 and the end portion 43¢ of the recessed portion
43 of the piston 15. Accordingly, when the valve element 14
1s to be press-fitted 1n the recessed portion 43 of the piston
15, the valve element 14 can be 1inclined with respect to the
piston 15 without being limited by the inner peripheral
surface 435 and the end portion 43¢ of the recessed portion
43. This makes 1t easy to align the seat 12 and the valve
clement 14 for centering. The press-fit portion 65 1s formed
at a zone of the valve element 14 not corresponding to the
position of the tapered portion 434 of the recessed portion 43
of the piston 15 after press-fitted in the recessed portion 43
of the piston 15.

The piston 15 1s provided, in the end portion 43¢ on the
opening 43¢ side of the recessed portion 43, with the tapered
portion 434 having the inner diameter that decreases from
the opening 43¢ toward the inside of the recessed portion 43.
Accordingly, when the valve element 14 1s to be press-fitted
and fixed 1n the piston 15, the valve element 14 can move
along the surface of the tapered portion 434 of the recessed
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portion 43. Thus, the valve element 14 can be easily press-
fitted 1n the inner peripheral surface 435 of the recessed
portion 43.

The foregoing embodiments are mere examples and give
no limitation to the present invention. The present invention
may be embodied 1n other specific forms without departing
from the essential characteristics thereof. For instance, the
press-1it portion 65 of the valve element 14 may be partially
cut out 1n a circumierential direction of the retaining part 52,
that 1s, the press-1it portion 65 does not need to continuously
extend over the entire circumierence of the retaining part 52.

REFERENCE SIGNS LIST

1 Pressure regulating valve
12 Seat

13a Wall surface

14 Valve seat

15 Piston

21 First pressure regulating chamber
22 Second pressure regulating chamber
31 Inlet

33 Seat hole

43 Recessed portion

43a Bottom surface

43b Inner peripheral surface

43d Tapered portion

43¢ Opening

45 Wear ring

52 Retaining part

52a Outer peripheral surface

61 Tip portion

65 Press-1it portion

66 Contact end portion

G Fuel gas

d1 Inner diameter (of Recessed portion)
d2 Outer diameter (of Press-1it portion)

What 1s claimed 1s:
1. A pressure regulating valve comprising:
a pressure regulating chamber;
a piston movable 1n an axial direction in response to
pressure 1n the pressure regulating chamber;
a valve element configured to move with movement of the
piston; and
a seat located outside of the piston, the seat being con-
figured to contact the valve element by movement of
the piston and valve element in the axial direction,
wherein:
the piston includes a piston hollow portion 1n an end of
the piston on a first side closer to the seat relative to
a second opposite side of the piston, the piston
hollow portion being open towards the seat, the
piston hollow portion having inner peripheral sur-
faces 1in parallel with each other when viewed 1n a
cross-section taken along a central axis of the piston;
and
the valve element includes:
a tip portion configured to contact the seat;
a columnar portion inserted in the piston hollow
portion; and
a 1it portion protruding radially outward from a first
portion of an outer peripheral surface of the
columnar portion, the {it portion being fitted 1n
contact at a point of tangency between the {it
portion and the inner peripheral surfaces of the
piston hollow portion, the {it portion having a
spherical shape.
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2. The pressure regulating valve according to claim 1,
wherein:
the piston hollow portion has a recessed shape that opens
on the first side of the piston,
the columnar portion of the valve element 1s provided 5
with a contact end portion that contacts a bottom
surface of the recessed shape of the piston hollow
portion, and
the contact end portion has a spherical shape.
3. The pressure regulating valve according to claim 2, 10
wherein the piston hollow portion 1ncludes:
an end portion formed with an opening that opens on the
first side of the piston, and
in the end portion, a tapered portion having an inner
diameter decreasing from the opening toward inside of 15
the piston hollow portion.
4. The pressure regulating valve according to claim 1,
wherein the piston hollow portion 1ncludes:
an end portion formed with an opening that opens on the
first side of the piston, and 20
in the end portion, a tapered portion having an inner
diameter decreasing from the opeming toward inside of
the piston hollow portion.
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